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FOREWORD 


This report was prepared by t>‘e Lockheed-Callfomia Company, Lockheed 
Corporation, Burbank, California, under contract NAS1>14000. It is the 
11th quarterly technical report, covering work completed between 1 July 1973 
and 30 September 1973. r.;e program is sponsored by the National Aeronautics 
and Space Administration (NASA), Langley Research Center. The program manager 
for Lockheed is Mr. Fred C. English. Mr. Louis F. Vosteen is project manager 
for NASA, Langley. The technical representative for NASA, Langley is 
Mr. Herman L. Bohon. 
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SUMMARY 


The technical activities perforned in this reporting quarter and docu- 
nented in this report are related to tasks associated with Phase II, Phase III, 
and Phase IV of the Advanced Composite Vertical Fin (ACVF) Program. These 
tasks Include the following: in Phase II, Component Definition, Material 

Verification, Process Verification, and Concept Verification; in Phase III, 

Spar Fabrication and Test Support; and in Phase IV, Component Tool Development. 
The discussion of technical activities related to these tasks is presented 
separately for each of the ACVF team members. The team member responsibilities 
are as follows: prime contractor, Lockheed-Californla Company for the covers, 

ribs, and overall design; and subcontractor, Lockheed-Georgla Company for the 
spars and box assembly. 

Work continued during the reporting period toward the development of 
tooling and processing concepts required for a cocured hat/skin cover 
assembly. A plan has been developed and implemented to develop the 
process for using preimpregnated T300/5208 with a resin content of 34 ^2 
percent by weight. Use of this material will result in a simplified lam- 
inating process because removal by bleeding or prebleedin^ vill no longer 
be required. The approach to this task basically consists of fabricating and 
testing flat laminated panels and simulated structural panels to verify 
known processing techniques relative to end-laminate quality. The flat panels 
were used to determine air bleeding arrangement and required cure cycle. Single 
and multihat-stif f ened panels have been fabricated using the established air 
bleeding arrangement and cure cycle with the resulting cured parts yielding 
excellent correlation of ply thickness with all surfaces clear of porosity 
and voids. 
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Th« last of the spar ancillary test specimens was tested at the Lockheed* 
Georgia Company during this reporting period. Two rear stub spar specimens 
were tested, one at room temperature*dry (RTD) and the other at 180°F pre- 
conditioned to 1 plus percent moisture. The RTD specimen sustained 244 per- 
cent of design limit load, and the vet specimen, tested at 180°F, failed at 
272 percent of design limit load. 

The full-size, front spar tool was completed and proofed with a flberglas 
part. The fiberglass part used to check the tool was Impregnated with 5208 
resin and cured using the same cycle as specified for the all-graphite spar. 
Heat-up and temperature distributions Inside the tool followed the process 
bulletin requirements and a close tolerance, high quality fiberglass part was 
produced by the tool. The first, full-length, all graphite-epoxy front spar 
will be cured in the autoclave during the next reporting period. 

The indicated weight saving for the ACVF is currently at 27.9 percent 
(239. 1 pounds) including a 10-pound growth allowance. Without the growth 
allowance, a weight saving of 29.0 percent (249.1 pounds) is anticipated. 
Composite material utilization is currently predicted to be 77.8 percent of 
the redesigned fin box weight. 
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SECTION 1 
INTRODUCTION 


Thtt broad objactiva of tha Aircraft Eoargy Efflclancy (ACEE) Coopoaita 
Structural Prograa la to accalarata tha uaa of compoalta atructurai In new 
aircraft by davaloplng nacbnology and procaaaaa for aarly prograailva Intro- 
duction of compoalta acructuraa Into production cosnarclal tranaport a:^rcraft. 
Thla prograa, aa ona of aevaral which ara collactlvaly alaad toward accompllah- 
Ing that objactiva, haa a apaclflc objactiva: to davalop and manufacture 

advanced compoaltn vertical flna for L-lOU tranaport aircraft. Laboratory 
taata and analyaaa will be made to aubatantlate that tha compoalta fin can 
be aafaly and economically operated under aarvica loada and anvlronmanta and 
will meat FAA raquirananta for inatallatlon on commercial aircraft. A 
limited quantity cf unite will be fabricated to aatabliah manufacturing 
mathoda and coata. Tha Advanced Compoalta Vertical Fin (ACVF) will make uaa 
of advanced compoalte materlala to the maximum extent practical and weigh at 
laaat 20 percent leaa than the metal fin it replacea. A method will be 
developed to eatabliah coat/veight relationahlpa for the alemanta of the 
compoalte and metal fina to aatabliah coat effective limita for compoalta 
applicatlona. 

The ACVF to be developed under thla prograa will conaiat of the entire 
main box atructure of the vertical atabilizer for the L-1011 tranaport air- 
craft. The box atructure axtenda from the fuaelage production joint to the 
tip rib and includea the front and rear apara; it ia 25 feet tall with a 
root box chord of 9 feet and repreaenta an area of 150 aquare feat. 

Tha primary amphaaia of thla program ia to gain a high level of confi- 
dence in tha atructurai Integrity and durability of advanced compoalte 
primary structurea. An important lecondary objective ia to gain aufficlent 
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knowltdgt And «xp«rl«nc« in oanufActuring aircraft atructurcs of advanced 
compoaita natariala to aasara properly ita coat-effectiveneaa. 

The duration of thia program ia 76 monthai with completion acheduled for 
May 1^83. The maater achedule for thia program ia ahown in Figure 1-1. The 
program ia organized in four overlapping phaaea: Phaae II - Deaign and 

Analyaia; Phaae III - Production Readineaa Verification Teata (PRVT) : Phaae IV- 
Manufacturing Development; and Phaae V - Ground Teata and Flight Checkout. 

Phaae I vaa completed during 1976. 

The Lockheed-Califomia Company haa teamed with the Lockheed-C eor gia 
Company in the development of the ACVF. Lockheed-Califomia Company, aa 
prime contractor, haa overall program reaponaibility and will deaign and 
fabricate the covera and the riba, conduct the PRVT program, and conduct the 
fuU-acale ground teata; Lockheed-Georgia Company will deaign and fabricate 
the front, rear, and axuciliary apara, and aaaemblc the compoaite fin at their 
plant in Meridian, Miaaiaaippi, where the preaent L-1011 vertical fina are 
aaaembled. 

Phaae I, Engineering Development, haa been completed; and Phaaea II, 

III and IV are in progreaa. 

Phaae II, Deaign and Analyaia, conaiata of completing the detail deaign 
and analyaia, characterization of the T300/S208 material ayatem, initiating 
producibility atudiea, and conducting material, proceaa, and concept veri- 
fication teata. Phaae III, Production Readineaa Verification Teating (PRVT) 
ia deaigned to provide information to anawer the following queationa: 

e What ia the range of production qualitiea that can be expected for 
componenta manufactured under conditiona aimilar to thoae expected 
in production, and how realiatic and effective are propoaed quality 
lavela and qtiality control procedurea? 

e What variability in atatic atrangth can be expected for production 
quality componenta, and are the margina aufficient to account for 
thia Viiiriability? 
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Figure 1-1. ACVF Prograa Master Schedule 
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• Will production qxiality components survive extended time leboretory 
fatigue teats involving both load and environment simulation of 
sufficient duration and severity to provide confidence In In-aervlce 
durability? 

Ten static strength tests and ten durability tests will be conducted on 
each of two key structural elements of the ACVF. One element will represent 
the front spar/ fuselage attachment area, and the other element will represent 
the cover/fuselage Joint area. 

Hanuf acturlng Development, Phase IV, conducted concurrent with Froduc- 
Iblllty Studies snr. Process Verification Tasks, will accommodate changes In 
tooling to take advantage of development of low-cost manufacturing methods. 
Following NASA's approval of the design, three fins will be fabricated and 
assembled to prove the design, methods of manufacture, and qxiallty. Actual 
costs will be docisnented during fabrication and components will be weighed 
to update cost and weight estimates. 

The manufacturing cost history obtained through the fabrication of the 
PRVT specimens In a production environment will provide cost data for a 
starting point for this application of composite structure. Together, they 
will form the ba 's for reasonably confident estimates of future production 
costs . 

Ground tests will be conducted on two full-scale fin box beam structures 
mounted on simulated fuselage support structures during Phase V. The test 
plan will include static tests, ultimate load and failure load tests on one 
GTA. Damage growth teats to two lifetimes, and fall-safe and residual strength 
tests will be done on the second GTA. Repair techniques for in-service 
maintenance and inspection will be employed throughout teats. Test results 
will be used to verify the analytical, design, and fabrication procedures; and 
are essential Inputs to the FAA for certification of the aircraft with the 
ACVF Installed. Certification will be baaed on satisfying both static strength 
and fall-safe requirements. FAA certification flight tests will also be 
conducted during this phase In order to obtain full FAA certification. 


LOCKHEED 


1-4 


LR 28743 


Throughout this progrsa, technical infornation gathered during per- 
formance of the contract will be disseminated throughout the aircraft in- 
dustry and Government. The methods used to distribute this information will 
be through Quarterly Reports, which will coincide with calendar quarters; 
and Final Reports of each phase to be distributed at the completion of each 
phase. All test data and fabrication data will be recorded on Air Force 
Data Sheets for incorporation in the Air Force Design Guide and Fabrication 
Guide for Advanced Composites. Oral Reviews will also be conducted at NASA, 
Langley to acquaint the aircraft industry and the Government with progress 
of the program. 
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SECTION 2 

PHASE II - DESIGN AND ANALYSIS OF RIBS AND COVERS 


Phasft II, design end analysis of the ribs and covers, comprises the main 
engineering effort of Lockheed-Callfomla Company In the design, development, 
and fabrication of the eleven ribs and two cover assemblies for the L^lOll 
composite \srtlcal fin. The engineering effort during this reporting period 
covered four tasks: component definition, material verification, process 

verification, and quality assurance. 

2.1 COMPONENT DEFINITION 

Component definition covers the detail design and structural analysis of 
the selected rib and cover configurations. 

2.1.1 Detail Design 

The detail design of the ribs and covers has been completed. 

2. 1.1.1 Weight Status 

The current weight status Is shown In Table 2-1. A weight savings of 
27.9 percent (239.1 pounds) Is currently being predicted Including a 10 pound 
growth allowance. Without the growth allowance, a weight savings of 29.0 per- 
cent (249.1 pounds) Is anticipated. Composite material use Is currently pre- 
dicted to be 77.3 percent of the redesigned fin box weight. A summary of 
weight changes since the last qxiarterly report Is presented In Table 2-2. A 
weight- time history for the composite fin Is provided In Figure 2-1. 

2.2 MATERIAL VERIFICATION 

This task Is structured to di^velop the material properties of the 
T300/5208 unidirectional tape material system to derive design allowables for 
the ACVF. 
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Weight Baals: 5X EST, 9SZ CALC, OZ ACT 

^ Total aetal design weight less weight of components not redesigned 
Based on redesigned metal components 







TABLE 2-2. SUMMARY OF WEIGHT CHANGES 
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Figure 2-1. WelghC-Tlne History 
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2.2.1 Evaluation of D«f ct TolTanct In Cgapoaif ■ - T«gt Itm H12B 

Tha objacc of thia cast Itan la to aaaaaa tha tolaranca to dafacta of 
T300/5208 conpoaita laoinataa as uaad in tha ACVF. Tha taat program involvaa 
fabrication of a laminata containing known aiza and poaition dafacta. Tha 
laminata ia than machinad into coupona for apactrun fatigua taating and 
idantifylng tha largaat dafact that can aurviva four lifatimaa of taat. 

Tha taat plan waa to initiata taating on apacimana that had a 1-inch 
diamatar dafact (0. 0005-inch thick Kapton) labadad at tha midplana of tha 
apaclman, batvaan tha aight and ninth ply, and a aiailar 1-inch diamatar naar 
surfaca dafact batvaan tha sacond and third ply. 

If failura occurrad prior to tha 4-lifatima duration, tha size of tha 
dafact would ba raducad by 0. 25-inch Incramanta until tha maximum aiza dafact 
that could aurviva tha four-lifatima apactrum taat waa datarminad. 

Prior tasting Indicated that a 1 inch diamatar dafact would aurviva thn 
four lifatimaa of spectrum fatigua without growth from the defects. T1.3 
sacond phase of this test was initiated in the previous quarter and con.'i«ts 
of testing five specimens for four lifetimes of spectnim fatigue vhil«k the 
temperature is cycled from -65°F to 180°F at humidities from ambient .:o 
100 percent RH. Tha specimens were previously conditioned for 1 percent 
moisture pick up. 

Three coupons have completed tha four lifatimas of teat with no appazant 
growth from tha defects. The fourth specimen is now in test and has so tar 
completed approximately two lifetimes with no apparent damage growth. 

2.3 PROCESS VERIFICATION 


2.3.1 Materials and Producibility Studies 

A plan has been developed and implemantad to develop the process for 
using preimpregnated T300/5208 with a resin content of 84 t3 percent by 
weight. Use of this material will result in a simplified laminating process 
because removal by bleeding or prebleeding will no longer be required. The 
approach to this cask basically consists of fabricating and testing flat 
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lAmioatad pan«ls and slmulatad atructural panals to varlfy known procasalng 
cachnlquaa ralatlva to and-lamlnata quality. Tha flat panala wara uaad to 
datarolna air blaadlng arrangaaant and raqulrad cura cycla. Slngla and 
multihac-aclffanad panals hava baan fabrlcatad using tha astablishad air 
blaadlng arranganant and cura cycla. 

Tha tachnlcal approachas baing follovad to davalop a molding procasa for 
low-rasin contanc praprag has baan praparad and Implementad in this reporting 
period. 


2. 3. 1.1 Flat Panel Studies 

Three panels vara fabricated using air bleeding systems developed for 
16 ply and 32-ply panals. 

Tha resin weight percent, percent voids and moisture content of tha 
(three) panals based on a 2-lnch edge strip cut from tha 24 inch length of 
tha panals are as follows: 

Resin Weight Moisture 

Panel No. Percent Average X Voids 2-Hr 180°F 


1 16-ply 

26.04 

0.34 

0.75 

2 16-ply 

25.32 

0.49 

0.13 

3 32-ply 

32.40 

0.0 

0.09 


With the various methods of air bleeding, the 16 and 32-ply panels have 
a.nievtd consistent ply thickness which are within the specifications of 4.6 
of 4.6 ro 5.3 mils/ply. 

2,3. 1,2 S ingle Hat-Stiffened Panel Assembly 

The detaiw preplied laminates for the skin and hat were laid up in kit - 
form r'lady far rssembly. 

The praplied ,«sfl;mencs of tha hat raadlly form to shapa on the male tool 
with hand forming and with minimum rub in place transferred to the female 
caul plate with the air bleeding system developed. The holding straps work 
very good in holding the assembly In the caul plate as It was rotated and 
placed In position on the skin laminate. 
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Flgur* 2-2 shows ths hst asssmbly with tho sir blssdlng nstsrlsls snd 
ths stsel csul with ths snclossd msndrsl. Ths tumovsr straps (nonporous) 
armalon havs bssn posltionsd span«rlss at approxlmatsly svsry 10 Inchss to 
12 Inches. Ths air blssdlng matsrlals ussd for this pansl asssmbly ars: Top 

surfacs: 


(Lamlnats) 
s Nylon pssl ply 
s Porous armalon 
s Vac Pak film (PVF) 


Lowsr Surfacs (Lamlnats) 
s Nylon Pssl ply 
s Porous armalon 
m Vac Pac film (PVF) 



Flgurs 2-2. Hat Asssmbly with Air Blssdlng 
Matsrlals and Stssl Caul 
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Upon completion of tho cure end e review of the begged eeeembly 
indiceted the breether plies (181 gleet) bed ebeorbed e certe;*ji emount of 
retin Chet heve edge bleed from the pert et thovn in Figure 2<-3. 

Removel of the begging meteriel end the peel pi/ thoved e very good 
pert turfece with no retin rich ereet on the pert, tee Figure 2-4. Very 
good perc/tool definition of the hec configuretlon wet echieved. Removel of 
Che Infleteble rubber mendrel ceuted teert in Che rubber. Apperencly the 
previout rough tpoct on Che mendrel turfece edhered to the retin ceutlng 
edded ret it tenet to the removel procett. A crott tection cut et the end of 
Che penel it thown in Figure 2-5. Thit het-sciffened penel vet cut into 
three coupon tpeciment, two endt end one center epproximece tlzc 

f 

5 inchet by 12 Inchet. 

Het-Stiffened Penel Tett Retultt 

Dimentionel Check - A deteil dlmentlonel check wet mede by Quelity 
Atturance. Figure 2-6 dctcribet Che dlmentlont which indicate chat 
excellent correletlon of the ply chickneta het been echieved over the crott 
tecclon of the three apeciment in comperlaon with the tpeclfled 4.6 to 5.3 
milt /ply chickneta range. 

NDI Check - The ulcreaonic exemineclon of Che akin turfece and the hec 
flenge/akin interface bond indicated Chet ell aurfacea were clear of 
poroticy end voldt. 

Phyticel Mechanical Propertiea - A realn check of Che akin under the hat 
crown indicated an average realn content of 28.5 weight percent. The mechanical 
propertiea were acceptable. 

Lettont Learned to Date on tiet Stiffened Panel - Procett Method I - 

e Edge bleeding It a problem on tmell tub-acele penelt. 

a On mulcl-tclffened penelt, edge bleeding of hec at edge of flangea 
may be a problem which may require extra bleeder material between 
the hact to avoid realn rich skint. 
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Flgur* 2-3. Edge Bleeding of Resin into Breather 
Plies (181 Glass Cloth) 



Figure 2-4. Hat-Stiffened Panel Fabricated from Low-Resin 
Content Prepreg Material 
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Figure 2-5. Cross Section of Het-Stif fened Panel 
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VALUES SHaVN ABE MII5/PLY AS AN AVERAGE TAKEN AT THREE CROSS 
SECTION ALONG ITiE 39 INCH SPAN OF THE PANEL. 


Figure 2-6. Dimensional Check 
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• Inflacablt mandral - caul plata cool concapc appaara co ba 
adapcabla co aingla acaga curing of low raain praprag. 

a Tha aaaambly procadura daacrlbad indicacad chac ic could raadily 
ba ucilizad for producclon of cha fuU-acala akin covar aaaambly. 

Phyaical and Machanical Proparciaa - Tha phyaical and machanical 
proparciaa for chia panal ara ahown in Tabla 2-3. Tha daca ahovn indicacaa 
chac cha valuaa in ganaral maac cha procaaa apacificacion axcapc cha SBS 
CShorC Baam Shaar) of cha akin ara a liccla low. Howavar* a 16-ply apaciman 
from Cha fine akin panal 1 acudy (aama procaaaing) vaa poac-curad for 1 hour 
and cha SBS avaraga vaa 8.0 kai and cha compraaaion 85.9 kai. Tharafora, on 
fucura uaa of chia cura cycla, an addiclonal 1 hour at 355^F may ba conaidarad. 

2.3.1. 3 Hac-Sciffanad Panal 2 (IVF 1326) 

Thia panal vaa aaaamblad from cha prapliad kic macariaJa, which had 
baan in cha fraazar for abouc 10 daya. TVia aurfaca cack of cha macarial 
vaa good and cha hac ahapa vaa aaaily formad on cha coola uaing hand praazura 
and rubbing Claflon) blade coola. 

Tha air blaading ayaccm vaa modiflad for Chia panel co eliminace che 
peel ply on che hac aurface of che panel aaaembly and co uae a gaa poroua 


TABLE 2-3. SINC?LE HAT-STIFFENED PANEL 1-PHYSICAL AND 
MECHANICAL PROPERTIES (IVF 1314) 


Locaciona 

n 

R.C. 

S.G. 

SBS 

R.T. 

SBS 

(WET) 

Comp. 

R.T. 

Comp. 

ewac) 

Skin 

28.9 

1.58 

5.8 

5.2 

82.7 

75.5 

Skin Under Hac 

28.5 

1.58 

7.6 

7.2 

75.9 

79.3 

Hac/Crown 

28.7 

1.59 

9.3 

10.2 

101.7 

79.3 


R. C. ■ Raain Concenc Wc.Z 

S. G. ■ Specific Gravicy 
SBS ■ Shore Beam Shaar kai 
COhP. ■ Compraaaive Screngch kai 
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film (A4000F3). This film (A4000P3) haa vary small dlamatar pin holts spactd 
ac 3/8-lnch cancers eo allow gas volatiles to escape. In addition, silicone 
edge dams were used to control edge bleeding during cure. 

The elimination of the peel ply from Che hat surface of the panel would 
eliminate the cost of removing it and eliminate the possibility of damaging 
Che surface during removal particularly on the full scale covers. This 
approach may increase the resin concent of the hat 1 to l>l/2 VtZ by elimina- 
tion of Che peel ply. However, the porous armalon will absorb some resin and 
is easily removed after cure. The panel was cured using the same cure cycle 
as for panel 1. 

A considerable amount of resin was collected in the breather ply. 
Apparently, the (A4000P3) film did not scop the resin from flowing chough 
the tiny pin holes into Che porous armalon ply. If this air bleeding system 
is tested again, it is recommended chat an additional solid film Vac Pac be 
used over the armalon ply to prevent bleeding into the breather ply. Also, 
Che silicone edge dams reserve 'ed Che edge bleeding but also contributed to 
forcing Che resin to flow through the CA4000P3) film pin holes. The cop 
surface of the panel has a shiny finish with a few mark-off areas caused by 
Che difficulty of smooching out Che chin (A4000P3) film during the bagging 
operation. 

Figure 2-7 indicates Che ply thickness values that were obtained ac the 
center and each end of the panel. The ply thickness is averaging slightly 
higher chan panel 1 which indicates increased resin concent. 

The physical and mechanical properties are described in Table 2-4. The 
resin contents are above the specified value (26 to 30 weight percent) . How- 
ever, Che mechanical properties are very good for both RF and Wet. No ad- 
ditional cure time ac 3S5^F and/or post cure was used to obtain these values. 

2. 3.1.4 Multiliac-Stlffened Panel 1 (IVL 1330) 

Two kits of preplied material were laid up for the skin, hat webs, hat 
r/own and rib doublers. The prepreg material was batch number 1221 with an 
average resin content of 33.4 weight percent. 
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VALUES SHOWN ARE MiLS/PLY AS AN AVERAGE TAKEN AT THREE CROSS 
SECTIONS ALONG THE 39 INCH SPAN OP THE PANEL! 


Figure 2-7. Dimensional Check, Hac-Stiffened Panel 2 (IVF 1326) 
Specified Range (4.6 to 5.3 Mils/Ply) 


TABLE 2-4. SINGLE HAT-STIFFENED PANEL 2 - PHYSICAL AND 
MECHANICAL PROPERTIES (IVF 1326) 


Locations 

m 

S.G. 

Voids 

SBS 

R.T. 


COMP. 

R.T. 

Comp. 

(Wet) 

Skin 

31.4 

1.569 

-0.1 

8.5 

9.5 

88.9 

89.4 

Skin Under Hat 

34.7 

1.551 

-0.1 

10.0 

9.9 

87.4 

89.8 

Hat/Crovm 

30.6 

1 


13.5 

13.4 

110.7 


R. C. ■ Resin Content VtZ 

S. G. * Specific Gravity 

SBS " Short Beam Shear ksi 

COMP. > Compressive Strength ksi 
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Th« proctts air blaading syscem and curt cyclt ware similar to tht single 
hat-atlffanad panel 1. However* since some of the mechanical properties of 
panel 1 were on the low side and that a post-cure of 1 hour at 350^F brought 
the values up to specified* the cure cycle for the multihat panel 1 was 
Increased 1 hour at 3S5°F. 

Figure 2-8 shows the 18 Inch by 40 Inch 16-ply skin panel with the 
rib doubler pads. Figure 2-9 presents the tools used composed of the two 
steel hat caul plates and the two Inflatable silicone rubber mandrels. 

Figure 2-10 shows the detail assembly of one of the hat-stlf feners. This 
assembly Is composed of the steel caul plate with the air bleeding system 
CVac Pac barrier film* porous armalon and nylon peel ply) over tre hat 
section laminate layup. Figure 2-11 shows the hat section assembly located 
on the skin cover laminate. The armalon strips are pulled out as soon as 
the hat assembly Is properly positioned. Figure 2-12 Is a view of the 
bagged assembly with the 181 glass breather plies over the top of the 
assembly and the vacuum bag. All corner edges were checked for bridging. 
Figure 2-13 presents the finished cured top view of the multihat panel. 

This shows excellent tool surface definition of the hat configuration and the 
rib pads. Figure 2-14 Is an end view close up of one of the hat sections* 
again showing very good Internal/ external tool definition of the hat con- 
figuration. Also* the hat flange/skin Interface shows an excellent bond. 

The overall quality of this panel was very good Indicating that the 
basic processing for the low-resln content single cure system Is repro- 
ducible for this size panel configuration. The ultrasonic check Indicated 
that the panel met the requirements of the process specified. Three very 
small area spots showed up on the hat flanges. These will be mlcroanalyzed 
to determine If these could be voids /delamlnatlons. A diamond saw cut 
through one of these spots* viewed with a 25x glass, did not show any de- 
lamlnatlons. Figure 2-15 shows the center coupon number 2 cross section 
Indicating the ply thicknesses at the various points. The average thickness 
of this cross section cut is 4.7 mlls/ply which is similar to the thickness 
per ply achieved In the single hat-stiffened panel 1. 
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To InvMtigact chit blooding problom, cvo 16-ply flot ponol toscs woro 
nodo with cho following chongo eo tho olr blooding syotom In ordor to ochlovo 
on Incroooo In roiln contont. 


o Ponol C3VF 1332) Air Blooding Method I - Incorporotod o porforotod 
borrlor film A4000F3 botvoon tho nylon pool ply ond tho porouo 
ormolon for both tho uppor ond ourfoco blooding syotom of tho 
lomlnoto. Also, tho odgo bloodor wos chongod bock to 1-ply mochburg. 

o Ponol (4VF 1332) Air Blooding Mothod III - Tho nylon pool wos romovod 
from the uppor surfoco blooding system ond roplocod with tho A4000P3 
film. Tho lower surfoco blooding system wos kept tho some os 
ponol aVP 1332). 

o Ponol C3VF 1332) ovorogo rosin contont 29.47 WtZ - fiber volume 

62.5 percent. 

o Ponol (4VF 1332) ovorogo rosin contont 30.92 WtZ - fiber volume 

61.6 percent. 

It wos recommended thot the next multlhot ponel should use method I 
olr bleeding system to ochleve o higher resin content to improve the 
mechonlcol properties. 


2. 3. 1.6 Multlhot Ponel 2 (VLI 333) 

This ponel wos lold up on the tools using the laminote segment preplied 
aoteriols. The method I olr bleeding system which hos shown by flot panel 
studies to ochleve a resin content of approximately 29 to 30 WtZ was used. 


The cured ponel hos good visual oppeorance and the ultrasonic check 
indicated on acceptable panel. A dimensional check of the cross section 
thickness Indicated the following overages: 


Skin thickness 


4.93 mlls/ply 


Hot flonge/skln ■ 4.67 mlls/ply 

thickness 
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Figure 2-14. End View of Cured Pert 

Physical end Mechanical Properties 1 (IVF 1330) - The resin content 
across the chord of the panel was very uniform with an average of 24.17 WtZ 
which results In an average fiber volume of 68 percent. The resin content is 
lower than the 28.4 percent by weight that was achieved for the single hat 
panel 1. The mechanical properties were borderline In comparison to the 
specified values. 

The same basic processing parameters of the hat panel 1 were used for this 
multihat panel 1. The exception was that the edge bleed strip was changed from 
1-ply mochburg to 1-ply boat cloth. This change was made because the multi- 
hat panel was one-third wider, and It was felt that Increased edge bleeding 
would occur. Tlie boat cloth does absorb more resin than mochburg. A review 
of the bleeder system after cure did show considerable edge bleeding. 
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2.3.2 Proctu D«vlcpm*nt 
2. 3. 2.1 Rlbi 

Trull Ribs - Tniii rib divilopmmt during thi rtporting pirlod vii 
dlrictid to%nrd opclmizlng thi prtbltid and cun cyclii iiioclitid with tht 
rib tooling. Dui to thi mill of thin tooli, thi cun cycli of rib cipi li 
viry long, ixtindlng Into i iicond ihlft. 

A thirmil proflli of thi truii rib tool wu midi whlli aixlmlzlng luto- 
clivi hiitup riti, and ilio riduclng thi dwill tlai it 260 digriii. By thli 
approach thi cun cycli could bi ahortinid to 5.5 houra. 

A tool try ipiclmini of thi truii rib cap (No. 4) vai laid up uilng thi 
low reiln contint (34 pircint) priprig matirlal utlizid thi ihortinid cun 
cycli. Evaluation and analyala of thla part would Indlcati whithir thi com- 
bination of low-naln contint matirlal and modlflid cun cycle can be uaed In 
fabrication of ancillary teat ipiclmena. A depiction of the truai rib tool 
component! Is Included aa Figure 2-16. 

The part looked good vlaually except for a slight concavity In the vib 
opposite the bead stiffener. Some fiber wash was also noted. Dimensions were 
uniform in the web and flanges along the part, but were approximately 
0.010 Inch under nominal thickness. NDI C-scan on the web ahowec. ao dis- 
crepancies, but scans of the flanges Indicated the surface condition, per- 
haps attributable to mold riliasi, would not permit the ultrasonic energy 
to properly transverse the flanges. This is reported upon In the Quality 
Assurance Section of thla report. Mode release Is now being removed by 
detergent wash prior to NDI. The following conclusions were reached 
regarding this tool try part: 

e The part planes of the tool will be shimmed 0.005 Inch to Increase 
part thickness from 0.0043 Inch per ply obtained to the specification 
thickness of 0.0046 Inch minimum per ply. 

e All other factors to be maintained (cure cycle, prebled bead, etc.) 
constant. 
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TRUSS RIB CAP FABRICATION 
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Figure 2-16. Truss Rib Cap Molding Coaiponents 
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• Fabrlcatt naxt part to H20A (7AA conformity) shop ordor. 

1 Englntmring to conoldor tltomatt 0 dagrao baad itlffanar conflgurationa 
which could b« made on tha 20 inch axparimantal tool. 

Subaaquantly, a truas rib cap for H20A waa laid up and curad. Dimanaional 
inapaction indicatad chat tha cooling ahim raaultad in a pare with accaptabla 
dimanalona. Ultraaonic indicaciona wara obeainad in tha wab and flanga 
araaa. Tha cap vaa to ba cut to length and phocomicrographa from tha axcaaa 
aa cloaa to tha cut aa poaalbla vara mada to aaaiac in avaluating tha accapt- 
ability of tha part. Microphotographa of tha baad indicaca good baad fill. 

An Ineagral tag and waa caatad to tha raquiramanta of PB 80-579. Tha raaulca 
ara glvan balov: 

Laboratory Number 3503R8 


Raaulta of Taac 


Specification Raquiramanta 


Top 

Flange 


Bottom 
Web Flanga 


Rea in Content 

Specific Gravity 

Thicknaaa Par Ply 

Short Beam Shear Strength 
at 180°F, Wat 

CoBmraaalva Strength at 
180 *’f, Wat 


26-302 

29.4 

31.7 

27.4 

1.56-1.60 . 

1.5784 

1.5662 

1.5876 

0.0046-0.0053 in 

0.0050 

0.0051 

0.0044 

6 ksi, min., 
indiv. 

6.227 

7,356 

7,116 

75 ksl, min.. 

60,250 

68,415 

61,127 


indiv. 


Engineering ia evaluating chaaa data and will determine if chia part would 
be acceptable aa a teat part. 


Tha other rib cap for H20A was laidup and cured. Thia part haa bean 
trimmed and la identified aa 1608280-118. Sea Figure 2-17. Ultraaonic test 
indicaciona ware obaerved in the enda of chia part. Thickncaa maaauremanca 
of the part ahovad one flange somewhat below apaclfication thicknaas. Thick- 
ness par ply was aa low as 0.0041 Inches compared to minimum of 0.0046 inches 
par ply. Resin content was also low. An integral tag and was tasted to the 
requirements cf PB 80-579. Tha results ara given balov: 
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Flgurt 2-17. Truss Rib Cap, P/N 1608280-118 for H20A Speclman 


Laboratory Number 350415 


Rasults of last 
Top Botton 


Specification Requirements 


Flange 

Web 

Flange 

Resin Content 

26-30X 

23.5 

23.5 

25.8 

Specific Gravity 

1.56-1.60 

1.6082 

1.6086 

1.5923 

Thickness Per Ply 

0.0046-0.0053 In 

0.0041 

0.0048 

0.0045 

Short Bean Shear Strength 
at 180® r. Wet 

6 ksl, min., 
Indlv. 

6,429 

6,822 

8,100 

8,555 

Compressive Strength at 
180 r. Wet 

75 ksl, min.. 

58,182 

68,305 

63,889 


Tha raason for tha low-resln content la not kno%m. Processing data la being 
ravlevad. Layup and tooling arrangement were Identical to the previous part 
which had resin content In the acceptaole range. 
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Actuator Rib - Fo-* a third actuator rib cap tool proving part was noldad, 
tha aight-ply outar layar cap flanga sagnant and tha 0 dagraa baad stiffanar 
only wara prablad and combinad In tha tool with tha 2 alght-ply halvas of tha 
rib. Dlmansional chack of this curad lamlnata ravaalsd a thlckaning in tha 
wab in tha cantar of tha part of approxiaiataly 0.030 inch taparing to nominal 
dlmanaions at both ands of tha 96 inch spaciman. This condition is baliavad 
to hava bean causad by axcass rasin trappad within rha tool. Usa of low-rasln 
contant praprag could rasolva tha condition. An illustration of tha tooling 
satup for actiiator rib cap fabrication is includad in Figure 2*18. 

Because of tha over tolerance wab thicVaaas of actuator rib cap tool try 
part (Mo. 3) tha tool was ralnspacted by Tool Inspection. A plastic sample 
part was cast in tha tool and measured. Although no autoclave pressure was 
available to seat tha tool segments, it was still considered a reasonably 
accurate check. Although some of tha reading in the web area thus obtained 
ware slightly over tooling tolerance (maximum differential 0.023 inch vs 
^.010 inch), the central bow previously reported and believed caused by 
trapped rasin in tool try part (Mo. 3) was not in evidence. 

Tool Try Part (Mo. 4) laid up with 34 percent resin content prepreg was 
cured on 8-18-78. This part had poor daflnitlcn and extensive delamination 
that were tha result of inadequate molding pressure due to the tool components 
not seating. Alternate tooling concept and/or modifications to the tooling 
shown in Figure 2-18 ware considered, and it was decided to modify the exist- 
ing tool by adding details which will prevent the tool components from cocking 
relative to rach other when closing under autoclave pressure. In addition, 
a new rubber strip Is being bonded to the flange face to replace the previous 
loose piece which was difficult to put In place during layup. These alter- 
ations were completed this month and the next actuator rib cap tool cry part 
Is now in layup. 

Solid Web Rib - Modlflcacious to the solid web tooling were completed co 
move Che rubber sheeting from Che female side of the tool to Che opposite side 
as shown in Figure 2-19. This change was mads co facilitate layup of the 
six-ply rib segment into the female cool half for prebleeding. A fiberglass 
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Figure 2-19. Solid Web Rib Molding Conponents 
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overlay vaa fabricated to replace the rubber over the male tool half during 
prebleed aa ahown In Figure 2-20. A tool try part (No. 3) vaa fabricated with 
the revlaed tooling componenta and la ahown in Figure 2-21. During removal 
from the tool, thla part waa damaged due to the reain adhering to the allicone 
rubber facing In one of the tranaverae atlffener alota caualng the delamination 
of the pert in that area. Otherwiae, the part had good definition and no NDI 
Indlcatlona. 

Solid Web Rib Tool Try Part (No. 4) waa laid up ualng 41 percant reain 
content prepreg and prebled. Thla part waa difficult to remove from the female 
tool half. It waa within dlmanaional tolerancea in both the 12-ply and 14-ply 
areaa. However, one flange had been damaged upon removal from the tool. The 
NDI C-acan ahowed no aignlf leant indlcatlona of poroaity or voida. 

The aolid web rib P/N 1608281-103 for the R24AS apecimen haa been molded 
and la acceptable to engineering. See Figure 2-22. An Integral tag end waa 
teated and the reaulta are given below: 

Laboratory Number 350300 


Reaulta of Teat 



Cap 

Cap 


Specification Requirements 

No. 1 

No. 2 

Web 

Resin Content (Z) 

28. 8Z 

27. 4Z 

27. 5Z 
26. IZ 

Specific Gravity 

1.59 

1.60 

1.60 

1.60 

Compressive Strength (pal) at R.T. 

71,629 

63,746 

— 

at 180®F Wet 

59,610 

52,147 

25,938 

33,438 


The rib, prior to machining the hat cutouts is shown in Figure 2-22. 

Bib Development - An investigaticn is continuing to improve bead definition 
in the rib caps. Using a 20-inch long tool, representative of the truss rib 
cap tool, a part was molded using a formed rubber blanket to define the bead 
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Figure 2-20. Solid Web Rib Ancillary Specimen Tool Half 
with Fiberglaas Insert for Preblecding 



Figure 2-21. Solid Web Rib Tool Try Part 
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Figure 2-22. Solid Web Rib P/N 1608281-103 
for H24AS Specimen 

in lieu of the aluminum tool half. See Figure 2-23. This was unsatlafactory 
as the bead was deformed by the autoclave pressure on the bag. A second part 
was made using a cast rubber Insert in the aluminum tool to define the bead. 
While the resulting part had good bead definition the opposite side of the 
web showed considerable fiber dislocation. See Figure 2-24. 

2. 3.2.2 Cover Panels 


H-28 Ancillary Specimen - One H-28 ancllllary specimen conslting of a 
16-ply skin and five hat stiffeners was fabricated. The 16-ply skin was pre- 
bled in a single cycle. The five hat stiffeners were prebled by prebleeding 
the 10 plies of 0 degree orientation first, then assembling the remaining 
10 plies and going through another prebleed cycle. This procedure has been 
common practice for all hat-stiffeners fabricated to date. 
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Figure 2-23. Formed Rubber Blanket Used to Define Bead 



Figure 2-24. Rubber Bead Insert in Aluminum Tool 
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VIsuaI examination of the hats and skin after prebleed was made and 
tracings were made to show specific location of all wrinkles for future 
reference. 

Dimensional analysis of the cured assembly Indicated that the assembly 
was within drawing requirements except for flatness or contour. Maximum bow 
occurred at midspan along the hat-stlffeners and measured approximately 
0.625 Inches. 

Warpage of the assembly Is attributed to the effect of the wire fabric 
lightning strike protection on the outer surface of the skin. Other factors 
might have some effect on the assembly flatness, however, the wire fabric has 
been Isolated as the primary problem area. The wire fabric will be omitted 
on the replacement H-28 ancillary. 

NDI C-Scan showed Indications of discrepant conditions In the hat flange 
to skin joints of two of the hat stiffeners. The remaining three hats were 
free of any discrepant conditions. A review of the cure cycle records, par- 
ticularly during pressure leak check at 260°F and 85 psl, revealed a positive 
pressure leak of 1.5 pounds and holding steady for 10 minutes. This leakage 
was not considered significant and the cure cycle was completed. In the final 
analysis, the assembly was not considered satisfactory and a replacement H-23 
ancillary specimen Is being fabricated. 

To minimize the possibility of the slightest leakage on future parts, all 
autoclave lines and connections are being checked and rep^^ced as required. 
Vacuum connections In the MBF's are also being checked and replaced as required. 

Test pieces were cut from each of the five hat stiffeners for the pur- 
pose of comparing joint strength of the questionable hats to the hats which 
were free of ultrasonic Indications. The results of the test are tabulated 
below: 
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: No. 

Ultrasonic 

Scan 

Hat Pullout 
Load-Lbs 

Failure 

Mode 

1 

Good 

252 

Ideal 

2 

Good 

250 

Ideal 

3 

Good 

233.5 

Ideal 

4 

Questionable 

218.0 

Ideal 

5 

Questionable 

250.5 

Ideal 


Hat ttiffantr No. 4 appaara to ba slightly balow axpactad but, possibly, 
still within the ranga of accaptability. Although tha limits of accaptability 
for hat pullout hava not baan astablishad tha rasnlts obtainad ara comparabla 
to highs obtainad in previous tests. 

Tha failure mode in all hats is identified as ideal since failure did not 
occur as a clean separation along tha flange to skin interface. Portions of 
adjacent plies pulled away as failure occurred. Joint falltires of this nature 
are very close to optimum. Joints which fail as a clean separation along the 
interface are typical of low strength joints. The remains of this panel are 
being retained for possible future use to gather additional test data. 

The replacement H-28 ancllliary panel is currently being fabricated a:id 
will incorporate improvements made in hat stiffener prebleeding technique. 

Past practice consisted of prebleeding the 10 plies of 0 degree orientation 
in one cycle and then assemblylng the remaining 10 plies and going through a 
second prebleed cycle. In this assembly, the 10 plies of 0 degree orientation 
and the remaining 10 plies were all preplied together as one layup and exposed 
to only only prebleed cycle. Steel caul plates (not previously used) were 
placed over the 20 ply area of the hats to eliminate crowning in this area 
during prebleed. This crowning effect is undesirable since the material 
buildup is believed to be forced downward during final cure. The end result 
is a bulge or crowning effect in the opposite direction. 
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Thtrt was no evidanct of crowning In tha atlffanars prablad in a 
alngla cycla. It la alao anciclpatao chat tha bulga or crown affacC pravloualy 
nocad in final cura will ba allsinatacl. 

H"25 Ancllllary Panal - Tha first H-25 ancllllary panel haa been cured 
and ultraaonic acanning haa bean completed. All ultraaonlc indications ware 
reviewed by Engineering and Che panel was dispoaitioned as acceptable for 

use. 

Quality Assurance Verficatlon Tests are in progress and physical and 
mechanical property data will be reported when tests have been completed and 
reviewed. The hat stiffeners for this panel were the first to use the single 
stage prebleeding techniques. Single cycle prebleeding is planned for all 
future panels. 

H-27 Ancllllary Panel - Ultrasonic scanning of the completed panel 
revealed indications in the hat stiffener crown area. This condition was 
deemed unacceptable to Engineering and the panel was dispositloned as accept- 
able for use as an H-12A ancllllary. 

The ultrasonic indications in Che crown areas have not be' a fully identi- 
fied as CO effect on structural integrity. Additional evaluations by the 
ultrasonic laboratory are being conducted to explore these conditions in 
greater depth. 

Graphite Caul Plate Investigation - An attempt was made to eliminate 
wrinkles in skins during prebleed by using a graphite epoxy caul plate between 
Che layup cool surface and a 16-ply graphite epoxy skin layup. 
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Tht staclcing ••qucncc ustd in this investigation consisted of the 
following: 

1. One ply of bleeder cloth on the tool surface. 

2. Graphite epoxy caul plate. 

3. One ply nonperforated barrier film. 

4. One ply of armalun 

5. One ply of nylon taffeta peel ply material 

6. A typical 16~ply graphite epoxy skin layup 

7. One ply of armalon 

6. Two plies of bleeder material 

The layup was vacuum bagged and prebled per P.B. 80-577 prebleed cycle. 
Photographs (Figure 2-25) taken after prebleed show the extent of wrinkling. 

A tracing of the wrinkle patterns and locations was made and is being retained 
for future reference. No additional investigation of skin wrinkling is in 
progress. Tlie skin panel used in this investigation is being used in the 
replacement H-28 ancilliary currently in fabrication. 

Inflatable Bladders - Bladder design is being changed to increase the 
wall thickness from 0.060 to 0.120 minimum. Although bladder removal has not 
been a problem, it is anticipated that this change will reduce frequency of 
bladder damage and repair and extend the bladder life span. 

Pressure testing procedxires have been established to check for leaks or 
damage before each use. Procedures for repair and subsequent testing have 
also been established. 

All bladders used to date have been molded in female mold fixuters. 
Fabrication of full scale bladders in this manner has created some concern. 
Consequently, an investigation is in progress to determine the feasibility of 
using extruded blv^dders. 
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Figure 2-25. Wrinkling of Laminate Prebled 
on Graphite Caul Plate 
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2.4 QUALITY ASSURANCE 

2.4.1 Laborttory T«tti 

Th« Quality Asauranca Laboratory parformad two basic functions during 
tha reporting pariod: (1) Batch tasting to ansura that tha graphita/apoxy 

matarial is accaptabla prior to its usa, and (2) tasting of parts fabricatad 
for aithar tha procaas davalopmant studias or tha Enginaaring Ancillary last 
Program. 


2. 4. 1.1 Accaptanca Tasts 

Tha Q\ulity Asauranca Laboratory tastad and accaptad T300/5208 matarial, 
batch numbar 1220. Test rasults ara shown in Tabla 2-5. 

Batch numbar 1154, a low-rasin contant T300/5208 matarial was accaptanca 
tastad for Enginaaring avaluation and possibla application on tha ACVF Program. 
In conjunction with this affort, tha laboratory davalopad a mathod to produca 
tha dasirad 29 parcant rasin contant (curad) panals from tha low-rasin contant 
31 parcant to 37 parcant matarial. Succass was raachad by alimlnating tha 
paal ply and slits in tha film ovar tha caul plata. 

2. 4. 1.2 Process Davalopmant Tasts 

Tha Quality Assurance Laboratory continued to support tha single-stage 
process development program and tha rib process development program. Twelve 
hat/skln assemblies, six flat panals and six rib caps were tested per requests 
from Manufacturing Research and Engineering. Specific tests Include compres- 
sive strength, short beam shear, hardness, rasin contant, and specific gravity. 
In addition, 32 prablad uncurad details were tested for rasin content, shore D 
hardness, and specific gravity. Hat/skln sections which had bean made by 
different methods ware pulled apart in tha tasting machine to establish ulti- 
mate strength and load-deflection curves. Numerous photomicrographs ware 
taken of tha hat/skln assanblles, ribs and panals for correlation with NDI. 
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TABLE 2-5. T300/5208 BATCH ACCEPTANCE TEST RESULTS 
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2.4.2 In«p«ctlon Actlvititi 

Inspaction and tha FAA DHIR vlcnaaaad or monltorad layup of tha Enginaar- 
ing Ancillary last itana. 

Tha following Inapaccion Tags wara vrittan during cha raportlng pariod: 


Inspaction 
Tag Numbar 

Parc 

Nuabar 

Dascription 

Primary 

Causa 

F 147725 

1608281-103 

Rib Cap 

a Dalaainacion 




a Concava baad 

F 199020 

1608282 

Rib Cap 

a Dalaminacions 

F 084367 

1608291-lCl 

Panal 

a Wrlnklas 




a Warpad panal 

F 084356 

1608280-118 

Rib Cap 

a Ultrasonic indications 




a Concava baad 

F 214974 

1608280-104 

Rib Cap 

a Bridge in radius 




a Resin rich araas 

F 084362 

1608282-103 

Rib Cap 

a Ultrasonic Indications 

F 214968 

1606607-901 

Eat Fillax 

a Wrinkles 

F 147720 

1606607-901 

Hat Flllar 

a Procadura did not 


conform to procass 
bullacin 


2. 4. 2.1 Nondestructiva Inspaction (NDI) 

During this raportlng pariod activity has occurrad In tha follow!;^ 

araas: 

a Support of procass davalopmant. 
a Davalopmant of cost-af f activa NDI procaduras. 
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Support of Proctti Dtvlopmtnt ■ Activity ha* baan dlractad toward 
support of manufacturing afforts. Tabla 2-6 summarlzas tha parts submlttad 
for ultrasonic Inspactlon. 

Ona 100-lnch long flat panal, aarlal numbar WR No. 1 was submlttad for 
ultrasonic Inspactlon. Although this panal had soma visual wrlnklas aftar 
prablaad tha ultrasonic Indications wars minimal aftar cura, as shown In 
Flgura 2-26. 

Thraa 18-lnch by 22-lnch flat panals, fabrlcatad from low-rasln contant 
matarlal, wara ultrasonic Inspactad. No Indications wria noted on thasa 
panels. Serial numbers era ZVF 1307, 3VF 1307, and 4\7F 1307. 

Tha 12-lnch by 40- Inch hat-stlf fanad panal, serial numbar IVF 1314, was 

ultrasonic Inspactad In tha hat flange and skin joint areas. No Indications 
are evident In those areas. Sea Flgura 2-27. 

At tha request of Manufacturing and Engineering, a second ultrasonic 
Inspection was performed on P/N 1608280-TF No. 4 Truss Rib. Initial Inspec- 
tion results had shown solid indications In tha flanges as shown In Fig- 
ure 2-28. S ivaral factors vara found as causes of tha solid Indications, 
however, tha principal reason was parting agent residua on tha part surfaces. 

Tha part was cleaned and a second ultrasonic inspactlon revealed a significant 

Improvement In tha flange areas, however, sufficient Indications remain for 
an unacceptable condition per current specification criteria (see Figure 2-29). 
Figure 2-30 shows a C-Scan of an unacceptable hat-stiffened panel, and Fig- 
ure 2-31 shows a C-Scan of an acceptable hat-stiffened panal. Planning has 
Incorporated a cleaning operation on shop orders prior to ultrasonic inspec- 
tion for future parts to be fabricated. 

Development of Coat Effective Procedures - An evaluation of NDI tech- 
niques applicable to thickness measurement of graphite epoxy composite 
laminates has begun. A limited industry survey indicates that pulse-echo 
ultrasonics is the most commonly used method. Various commarcial instruments 
which accomplish the same goal are utilized by companies surveyed that use 
pulse-echo ultrasonics. Specifically, these instruments measure transit time 
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TABLE 2-6. NDI SUPPORT OF DEVELOPMENT PROGRAM 


Part or Serial No. 

Name or Description 

Figure No. 

2VF 1307 

Flat Panel (18 x 22) 


3VF 1307 

Flat Panel (18 x 22) 


UVF 1307 

Flat Panel (I 8 x 22) 


WR #1 

Flat Panel (22 x 100) 

2-1 

IVF 13lU 

One Eat Cover (12 x LO) 

2-2 

160828 0 -TP #3 

Truss Rib 


1608281-103 

Solid Web Rib 


1608282-103 

Actuator Rib 


1608280 -TP 

Truss Rib 

2-3/2-U 

1608280 - 117 , TP #5 

Truss Rib 


I 6 O 82 SI-TP 

Solid Web Rib 


IVFI 326 

One Eat Cover (12 x 36) 

2-6 

1VL1330 

Two Hat Cover (I 6 x 25) 

2-5 

lA 

Flat Panel - 10 Fly (I 8 x 32) 


2A 

Flat Panel - 10 Ply (I 8 x 32) 


IB 

Flat Panel - I 6 Plj' (16 x 32) 


2£ 

Flat Panel - I 6 Ply (I 8 x 32) 


1C 

Flat Panel - 3U Ply (I 8 x 32) 


2C 

Flat Panel - I 6 Ply (I 8 x 32) 


ID 

Flat Panel - 31^ Fly (I 8 x 32) 


2D 

Flat Panel - I 6 Ply (I 8 x 32) 


E 

Flat Panel - I 6 Ply (I 8 x 32) 


2E 

Flat Panel - 31* Ply (I 8 x 32) 


F 

Flat Panel - 32 Ply (I 8 x 32) 


2? 

Flat Panel - 3 I* Ply (I 6 x 32) 


2G 

Flat Panel - 3 I* Ply (iS x 32) 


#1 Control 

Flat Panel - lUxlU Ply (I 8 x 32) 


#2 Control 

Flat Panel - H*xll* Ply (I 8 x 32) 


1608280 -TP #6 

Trass Rib 


1608281-103 

Solid Web Rib 


I 6 OS 29 I-IOT 

H-23 Cover Speciaen 
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Figure 2-26. Reflected Through Transmission C-Scan of Panel WR Mo. 1 


Figure 2-27. Reflected Through Transmission C-Scan of Panel IVF 1314 
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Flanges 

(Note All White ) 


Web Area 



Figure 2-28. Original Reflected Through-Transmission 
C-Scans of P/N 1608280-TP No. 4 



Flanges 

(Note Fewer White 
Indications ) 


Figure 2-29. Reflected Through-Transmission C-Scan of a Section 
of P/N 1608280-TP No. 4 (Flange Only) 
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Figure 2-30. Reflected Through-Trensmission C-Scan 
of Hat-Stiffened Panel IVL 1330 




vlthln ch« laminate and by assigning a velocity through calibration provide 
a digital display of thickness. The problem encountered is nonuniform signal 
velocity within graphite epoxy laminates. Cause and extent of these nonuni- 
formities are not completely understood. These variations in velocity directly 
affect the readings obtained with this type of instrument. 
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SECTION 3 

PHASE II - DESIGN AND ANALYSIS - SPARS 


Phast II daslgn and analysis of tha spars, ccoprlses tha main anglnearlng 

% 

affort of Lockhaad-Gaorgla Conpany in tha daslgn, davalopnant, and fabrication 
of the front and rear spars for tha L-1011 advanced conposita vertical fin. 

Tha engineering effort during this reporting period covered four tasks: com- 

ponent definition, process verification, concept verification, and quality 

assurance. 

3.1 COMPONENT DEFINITION 

Component definition covers the detail design and structural analysis of 
the selected front and rear spar configurations. 

3.1.1 Detail Design 

The detail design of the ACUF spars has been completed. 

3.1.2 Structural Analysis 

Stress analysis of the L-1011 ACVF spars was completed and checked. Mar- 
gins of safety were generally higher in the rear spar web than in the front 
spar as verified by the H23A front spar tests. Figure 3-1 shows the planform 
geometry of the front and rear spars and identifies the panels and ply orien- 
tations used in the stress analysis. Figure 3-2 shows the spar cap axial loads 
and the spar web shear flows. Table 3-1 lists the T300/5208 properties and al- 
lowables used in the analyses, and Tables 3-2 and 3-3 summarize the spar webs 
margins of safety. 

As an example. Table 3-2 shows panel 1 at VSS 100.2 has a margin of safety 
of +0.05 in the cut-out and -K).ll in buckling. The allowable shear buckling 
strength was computed to be 1795 pounds per inch and the resultant M.S. shown 
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Figure 3-1. Planfom Geometry of Front and Rear Spars 
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TABLE 3-1. PROPERTIES AND ALLOWABLES 
OF T300/S208 USED IN ANALYSIS 


PROPERTIES 

RTD 

180 Wet 

-65 Dry 

Units 

E^^ Teruion 

20.0E6 

20.3E6 

19.5E6 

psl 

E^ y Compression * 

19.0E6 

18.0E6 

19.5E6 

psi 

E 22 Tension ■ 

1.60E6 

1.40E6 

1.78E6 

psi 

E 22 Compression “ 

1. 56 E6 

1.36E6 

1.75E6 

psi 


0.80E6 

0.60E6 

0.86E6 

psi 

Poisson's ■ 

0.27 

0.26 

0.28 

- 

L Coef of Exp ■ 

0.24E-6 

0.28E-6 

0.20 E-6 

in/in/«F 

T Coef of Exp ■ 

16.2E-6 

18.8E-6 

15.1E-6 

in/in/®F 

p Density a 

0.058 

0.058 

0.058 

% 

Ibs/in^ 

ALLOWABLE LIMIT STRAINS, ^ micro 

inches/inch 



0® Tension ■ 

6000 

6000 

6000 


0® Compression ■ 

5400 

5000 

4000 


90® Tension * 

5000 

4667 

4667 


90® Compression * 

8000 

8000 

8000 


Sheer ■ 

10000 

10000 

8600 
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TABLE 3-2. SUMMARY OF FRONT 


Pontl 

v.s.s. 

in. 

q 

Ibs/ln 

''n.. 
Ibs/in j 

b 

In. 

— 

97.2 

** j — 

— 

1 

100.2 


2 

106.3 

1235 

1235 

H 

3. 

112.4 

1200 

1512 

H 

4 

nm 

1172 

1172 ! 

— 

121.45 

— — 1 

5 

121.4 i 1150 

1461 1 6.2 ' 

6 1 130.4 ! 1138 

1138 i " 1 

7 136.4 1 1135 

1455 i - 1 

8 ! 142.1 1 1145 

1145 1 6.0 1 

— 1 145.71 i — 

i - 1 - i 

9 1 148.5 * 1155 1 1155 1 5.9 ' 

10 ! 155.1 i 1160 i 1509 ■ 6.8 ' 

11 

161.6 1 1148 1 1504 . i 

BtnBBUWBBBBBBBWil 

.. 

171.42 — 1 — i — i 

13 

1 174.6 • 1125 1491 i 6.6 ’ 

14 

180.9 1 1120 1 1120 

! 

15 1 187.3 ! 1125 i 1510 1 " 1 

16 ! 193.6 1 1138 1 1138 ! ’* 1 

197.13 

j — 1 — 1 — i 

17 

200.3 

1145 

1561 

6.6 1 

18 1 206.7 1 1150 M150 i " 




20 

219.4 

1155 1 1155 

H 

— 

222.84 

— 

— 

— 
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POOR QUALITY 


SPAR WEB MARGINS (ShMC 1 of 2) 


a 

In. 

Config . 
t 45/0/90 

Ibs/in 

M.S. 

(Buckling) 

M.S. 

(Cutouf) 


— 

— 

— 1 

20.0 

16/6/2 

1795 

H3.11 

-0.05 

19.7 

H 

1802 

-0.46 

1 

19.4 

M 

1809 

-0.20 

^.12 

19.1 

M 

1816 

-0.55 





18.8 

16/6/2 

1875 

-0.28 

-0.16 

18.5 

II 

1884 

i *K).66 


18.2 

If 

i 1893 

1 -K5.30 

-0.1? 

17.9 

.. 

1 2012 

! -K).76 

— 




! ~ 


17.6 

16/6/2 

1 2030 

' -0.80 

i - 

17.3 

1 ** 

1 1632 

' -0.08 

i -0.13 i 

16.9 

i « 

1 

1 1641 

1 -0.09 

' -0.13 i 

IRH 

1 

1 •• 

1 1648 

1 -0.45 

; ~ 1 

.. .. .. 1 .. 1 .. j 

16.3 

i 16/6/2 

! 1745 

' -0.17 


16.0 

I — 

! 

1 1753 

! -0.57 

! - 1 

15.7 

i H 

I 

1 1761 

! *0 17 


15.3 

i •' 

1773 

! -0.56 

j 

.. 

-- -- j — — 

15.0 

16/6/2 

1 1783 

• -0.14 

i -0.09 1 


U.7 

]A.4. 

14.1 


1794 




1805 I -0,11, 




1817 


-0.57 
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TABLE 3-2. SUMMARY OF FRONT SPAR WEB MARGINS (Sh««C 2 of 2) 


Ponol 

V.S.S. 

in. 

Ibs^ln 

Ibt/ln 


222.84 


226.0 


232.4 


238.7 


245.1 


248.55 


231.7 


25B.1 


264.4 


270.8 


274.26 


277.4 


283.8 


290.1 


296.5 


299.97 


302.9 


308.7 


314.5 


320.4 


323.62 


326.5 


332.4 


338.2 


344.3 


347.27 



*^cr M.S. M.S. 
Ibs/in (Bucl(ling)j (Cufouf) 


1483 I 6.6 


.875 


13.8 I 16/6/2 


13.4 


13.1 I 


12.7 16/4/2 


12.4 I 16/4/2 


12.1 


11.8 


11.1 j 16/4/2 ! 


10.8 i 


-0.13 


-0.62 


-0. 19 


•^.05 


-0.08 


- 0.02 I - 0.12 


1501 

-0.58 i - 

1519 

-KD.08 1 -0.11 


- 0.68 


-0.06 


1588 

-0.31 

1613 1 

1 -0. 18 

1242 1 

1 -0.53 


- 0. 11 


- 0.20 



H83 I 6.06 


596 1 “ 


n2D i " 


520 i 6.3 


16/2/2 


-0.31 


Hi 


- 0 .^ 


High 


-0. 26 
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TABLE 3-3. SUMMARY OF REAR 


Ponvi 

v.s.s. 

in. 

q 

bi/tn 1 

bt/in 

b 

in. 

mm 

82.0 

•• I 


— 1 

1 

86.9 

680 

1002 

8.6 : 

2 

93.8 

660 

1158 

5.1 I 

3 

100.6 

890 

1467 

8.5 i 


Bam 

8/0 

1119 

9.1 1 


BB9 

850 

850 

7.55 i 

mm 

121.45 

.. 

— 

~ 1 

6 

124.5 

830 

1032 

6.0 ) 

7 

130.5 

815 

815 

6.0 1 

8 

136.5 

800 

1003 

1 6.0 

9 

142. 1 

790 

790 

! 5.25 

~ 

145.71 

1 

1 

— 

1 - 

10 

148.9 

600 

758 

; 6.4 

11 

1 155.3 

1 600 

600 

i 6.4 

12 

1 161.7 

. 603 

771 

1 6.4 

13 

! 168.2 

; 608 

608 

! 6.5 

m m 

1 171.42 

1 — 

1 — 

1 — 

U 

1 174.7 

i 610 

! 788 

1 6.43 

15 

! 181.1 

i 614 

1 614 

1 6.43 

16 

187.5 

! 618 

I 808 

1 6.43 

17 

1 193.2 

1 622 

1 622 

! 5.0 


1 197.13 

! — 

1 _ 

1 

1 - 

18 

1 200.4 

1 480 

! 636 

! 6.43 

19 

’ 206.3 

< 485 

I 485 

1 6.43 

20 

i 213.2 

1 490 

1 659 

1 6.43 

21 

1 219.6 

, 495 

1 495 

1 6.42 

— 

222.84 


J 


LOCKHEED 


jInal page [S 

POOR QUALITY 

SPAR WEB UARCINS (Shttt 1 of 2) 


a 

Config. 


M.S. 

M.S. 

in. 

i 45/0/90 

b»/ln 

(Buckling) , 

(Cutout) 

- 

— 

- 1 

" 1 

— 

8.6 

20/6/2 

2816 ; 

High 

•K).75 

18.6 

M 

4263 1 

m 

-0.74 

18.3 

M 

1748 1 

^.19 

-0.19 

11.8 

H 

1997 

•^.78 

-0.80 

20.8 

« 

2082 ! 

High 

— 

•• ^m 

~ 1 

- 1 

20.4 

16/6/2 

1949 

-0.89 

-0.65 

20.1 

" 

1955 

High 1 — i 

19.8 

" 

1961 

-0.96 

-0.70 ! 

19.6 

16/4/2 

' 1955 

High 

.. 

.. 1 .. j — j 

— 

19.2 

! “ 

! 1377 

-0.82 

High 1 

18.8 

1 M 

» 1385 

High 

- ! 

18.4 

I " 

' 1394 

-0.81 

High ! 

18.2 

•• 

1 

: 1363 

High 

— i 

.. 1 — i — 1 — i — 1 

17.7 

1 " 

‘ 1400 

-0.78 

High 1 

17.3 

! 16/2/2 

. 1067 

-0.74 1 - 1 

17.0 

i " 

i 1071 

-0.33 

! -0.81 

16.7 

! 

; 16^9 

! High 

1 ^ 


mm 

1 — 

16.3 

» 

1 M 

! 1081 

■ -0.70 

1 High ' 

16.0 

1 m 

1 

1 1086 

! High 

I - 1 

! 15.6 

1 " 

i 1092 

1 -0.66 

! High 1 

1 15.2 

i “ 

1 1102 

1 High 

1 

— ~ 

~ 
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TABLE 3-3. SUMMARY OF REAR SPAR WEB MARGINS (Sh««C 2 of 2} 


Poo#l 



q 


In. 


Ibt/ln 

Ibt/ln 


222.84 


226.1 1 497 


232.5 I 500 


238.9 I 503 


M.S. 

M.S. 

(Bwcklins) 

(CuteuO 


14.9 I 16/2/2 I 1105 I 40.63 


14.5 I " I ni4 i Hl«h 


14.2 I 


13.8 


251.8 ' 390 


258.2 1 392 


264. 


271.0 I 400 


r " 

1 1138 ! High 

1 High 

N 

1 1147 i • 

! - ! 


6.43 

1 12.8 

6.42 

12.4 


277.5 


12.0 ' 


31 

1283.9 

1 405 

! 405 

1 6.43 

1 11.7 ! 

32 

I 290.4 

! 410 

1 632 

! 6.43 

1 11.4 

33 

! 296.2 

; 412 

! 412 

1 5.2 

! 11.0 


299.97 


303.2 


312.5 


319.9 


323.62 


327.4 


334.9 ■ 


342.4 


.8 


357.3 


364.2 


368.53 


I 235 


242 


' 250 


i 270 


6.55 ! 10.7 


7.32 i 10.2 I 


7.48 i 9.0 


I 1190 ' -K).97 


‘ 1203 I HI 


1222 I Hloh 


1078 I " 


1079 


< 538 


• 270 


8.6 ' 16/4/2 ' 1586 


" ! 1655 


7.8 I " I 1735 


7.4 i " ' 2148 
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in Table 3-2 Is 40.11. Peak tangential tensile stress at the edge of 
the hole in panel 1 was computed to be 58.718 psi at an angle of 130 degrees 
measured from the 0 degree reference angle. A computer program was used to 
determine the applied ply level strains and stresses and the resultant margin 
of safety. In panl 1, the maximum ratio of applied strain to allowable strain 
Is 0.951 and occurred In the transverse tension direction. The margin shown 
In Table 3-2 is (1/.951) -1 - +0.05. 

The lowest margin of safety In either spar cap was +0.40 at VSS 117.87 In 
the rear spar. Relatively high margins (approximately 1.0 or higher) were 
found In the stiffeners and In the fuselage joint. Fall-safe loads exceeded 
final design loads locally at approximately VSS 145 In the front spar caps In 
the bay between VSS 97 and VSS 145 In the rear spar web, but high computed 
margins verified by the H23A and H20 test results demonstrated that the spars 
have adequate strength for the fall-safe loads. 

3.2 PROCESS VERIFICATION 

The purpose of the process verification task Is to develop and verify the 
elastomeric molded process (cure cycle) established for the fabrication of 
the front and rear spars. 

3.2.1 Process Bulletin, PB 80-580 - Molding of Spars 

Considerable scatter has occurred In the compression stresses demonstrated 
by the small process control specimens cut out of the PRVT spars. The cross- 
section of these specimens Is approximately 0.12 Inch by 0.40 Inch. They are 
supported In a potting compound cured Inside steel rings, and the steel rings 
and potting compound arc machined perpendicular to the specimen. An unsup- 
ported test section of approximately 0.5 Inch between the ring Is strain 
gaged for the purpose of applying a pure axial load during the test. This 
procedure has produced reasonably good compression test data where larger 
specimens were used, but as shown In Figure 3-3, the scatter In the PRVT pro- 
cess control cpaclmens tested to date has been relatively large. A smaller 
number of "dog-bone" specimens have been tested In a modified FED STD 406 fix- 
ture, using an adapter to fix the ends and the scatter has been within the 
predicted range for test results. An additional modification was made to the 
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Figure 3-3. Compression Process Control Specimens from PRVT Spars 
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FED STD 406 test fixture thet ellmlnetes the ^pport et the center of test 
specimen. 

Addltlonel investigations were made to determine if the small compression 
specimens could be damaged during preparation for test. A possible source of 
damage is that machining the steel rings may exceed the very low torque 
strength of the specimen. This damage could explain the one low point In all 
of the compression data obtained to date, but the larger number of high points 
In the 80 to 90 ksl range are not explainable. The allowable strength Is 
57 ksl and as Indicated on Figure 3-3 the test results should fall In a range 
of 60 to 70 ksl. 

3.3 CONCEPT VERIFICATION 

The concept verification task provides for the substantiation of the 
structural Integrity of selected areas of the ACVE and for the verification of 
analysis methods. 

3.3.1 Rear Spar Test Specimens - Test Item H20 

The last of the spar ancillary test specimens (H20) was tested at the 
Lockheed Georgia Company during this reporting period. Two rear stub spar 
specimens were tested, one at room temperature-dry (RTD) and the other at 
180^F preconditioned to 1 plus percent moisture. The RTD specimen sustained 
244 percent of design limit load, and the wet specimen, tested at 180°F, 
failed at 272 percent of design limit load. 

Both of the test specimens were Identical to the lover 100-lnches of the 
rear spar. THe joint base of these specimens used the same fittings as used 
in the L-1011 rear spar to fuselage Joint. Holes were drilled in the spar 
flanges and fasteners were installed to simulate the attachment of the fin 
cover to the spar caps. The spar specimens were fabricated, processed and 
assembled in conformance with the processes and design requirements specified 
for the L-1011 ACVF spars and box assembly. A "Statement of Conformity" 

(FAA Form 8130-9) was Issued prior to testing. 
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3 . 3 . I . 1 Test Item H20 - Room Temperature Dry Test (RTD) 

The loading conditions shown In Table 3-4 were used to simulate the 
design loads In the rear spar. Strain surveys were conducted up to limit 
load for each condition and compared with predicted strains. After the limit 
load strain surveys, conditions I and II were loaded to ultimate, and condi- 
tion III was loaded to failure. Failure for Case III was predicted at 230 
percent of limit. Actual failure occurred at 244 percent of limit load. ' 
Figure 3-4 shows the ultimate loads (150 percent limit) for load Case III and 
the maximum strains versus percent limit load. Failure occurred In the web 
where access holes and "D" shaped actuator holes are located near VSS 96.25. 
The calculated margin of safety for this area was 19 percent based on wet, 
elevated temperature allowables. Since typical test data usually shows 
strengths of 15 to 20 percent above allowables, and since the allowables were 
based on wet properties at temperature, the failure occurred at the approxi- 
mate percent of limit load expected. 


TABLE 3-4. H20 REAP. SPAR STATIC TEST LOADS 



DESIGN 

I 

II 

III 


EM 


LP 

P 


LP 

P 


LP 

P 






c 

EH 


c 



c 

EH 



lb /In 

Ips 


■ 



m 



■ 

80 

29.7 


• 

29.7 



29.7 



29.7 




550 



522 



550 



337 

96.25 

25.4 


0 

22.3 


5.1 

21.9 


-13.1 

25.4 




980 



550 



338 


■ 

980 

121.35 

14.5 


-3.0 

9.5 


-5.6 

14.5 


19.1 





840 



840 



645 



73 

144.58 



23.9 

-10.0 


12.7 

0 


1.4 

B 




600 



402 



0 



B 

170.42 

5.9 


-7.4 



0 

0 


0 

B 

B 


Refer to Figure 3-4 for locations of Load Points. 
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: ) 


All Areas of the H20 RTD apaclman between VSS 80 144.6 were tested to 
loads equal to or greater than 150 percent of the loads shown in Table 3-4. 
Case III indicated the highest loads and this case was loaded until failure 
occurred in H20 RTD at 244 percent of limit load. Figure 3-5 shows the test 
setup for the dry H20 specimen and Figure 3-6 shows the loaded specimen. 

Figure 3-7 shows the specimen when failure occurred at 244 percent of limit 
load and Figure 3-8 shows the failure mode after the H20 RTD was removed from 
the test fixture. The falure was slightly above the predicted 230 percent 
of limit. Strains were generally within the predicted range, and, overall, 
the teat was considered very successful. 

3.3. 1.2 Test Item H20 — 180°F Wet Test 

After completion of the dry test, a comparison of the test loads with 
the final, maximum ultimata spar loads revealed that the shear in the lower 
bay of the rear spar between VSS 80 and VSS 96 was 708 pounds per inch. This 
was considerably higher than the 550 pounds per inch (in the previous loads 
summary) which had been used as the H20 dry test load.- The loads shown in 
Table 3-4 were revised to include the higher shear load. This revision was 
accomplished by revising Load Case II only. Cases I and III were not changed. 
The loading schedule applied to the H20 wet at 180°F specimen was as follows: 

e Load Case I Same as H20 RTD to 150 percent Limit 

e Load Case III Same as H20 RTD to 150 percent Limit 

e Load Case II Revised as shown in Table 3-5 

e Load Case III Same as H20 RTD to Failure 

Table 3-5 shows the revised design loads and Case II loads that are 
compatible «d.th the final design loads. Also shown in Table 3-5 are the 
maximum loads applied during the H20 RTD test. As indicated by the underlined 
loads, all design loads have been verified by the H20 RTD and the revised 
Case II loads applied during the H20 wet test. 
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Figure 3-7. H20 RTD Immediately After Failure (244 Percent Limit Load) 
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TABLE 3-5. CHANGES TO REAR SPAR STATIC LOADS 


Station 

Design 

Revised Case 

II 

Max Load Applied to R20 RTD 

m 

P 

cap 

*^ips 

q 

Ibs/ln 

— 

LP 

Ips 

P 

cap 

Ips 

q 

lbs /In 

P 

cap 

^4 

ipa 

1 

q 

Iba/in 

80 

29.8 


- 

29.8 


48.3 




708 



708 


550 

86.25 

29.8* 


0 

18.9 


41.3 




875 



752 


1594 

121.35 

14.5 


15.8 

0 


14.5 




813 





840 

144.58 

10.0 


0 

0 


10.0 




604 





403 

170.42 

5.9 


0 

0 




* 

Refer to Figure 

3-4 for 

location of load points. 



A comparison was made of selectad strains read during the vet and dry 
tests. Figure 3-9 shows this comparison for three gages read during load 
Case III. Strain gages IS and 18 were located on concentrated stress areas 
In the "D" holes. The strains read during the vet at temperature test were 
considerably lover than those read during the dry test. Gage number 2 
located on the spar cap was reasonably In agreement with both the dry and vet 
test conditions. Although the test data for H20 wet has not been plotted end 
analyzed, preliminary spot checks have Indicated the gages followed the 
trend shown In Figure 3-9. 

As a matter of Interest, a minor repair was made to the cap flange on 
both of the H20 specimens. During cure, local alias of the cap flange were 
molded too thin. These dimensions were supposed to be 0.184 Inches ^ 0.014. 
In local areas, the flange was down to 0.160- Inches. A thin 0.02 strip of 
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titanium 6 AI 4V war bondad to tha thin ipota tad faatanars normally utad in 
tha attachmant of tha fin covar to spar vara installad. No failuraa of 
thasa rapairs vara datactad in aithar tha vat or dry aariaa of H20 taata. 

This rapair, if naadad in tha futura, vaa varifiad by tha H20 taata. Bafnr« 
making tha rapair, ultraaonic inapaction had indicatad no voida in tha araa 
to ba rapairad. 

Taat data accumulatad during tha H20 vat at alavatad tamparatura taat 
vaa raviawad, analyzad and comparad to that of tha H20 RTD apaciman. 

Figura 3-10 ahowa tha taat aatup for loading H20 whila maintaining 1 parcant 
moiatura contant and 180^F. Tha plcturaa in Figuraa 3-10 and 3-11 hava tha 
front and raar covara of tha anvironmantal chambar ramovad to ahow tha apar 
wrapped and aaalad in a nylon film bag. Tha plaatic bag was uaad to retain 
tha moiatura contant in tha apar whila it vaa heated to 180^F. Straina ware 
recorded for tha three taat loading conditiona. Tha critical load condition 
number 3 vaa loaded to 272 parcant of limit before failure occurred. Tha 
picture on tha right aide of Figure 3-11 ahowa tha failed spar after removal 
from the envi.'onmantal chamber. Figura 3-12 ahowa a closa-up of the failure 
mode as viewed from tha front and aft faces of the spar. At failure, a 
deep buckle occurred between VSS 97.2 and VSS 121.45. This buckle popped 
back into the veb plana during removal of tha spar from the environmental 
chamber. 

Figure 3-13 shows a comparison of the strains at the third from bottom 
access hole with those of the previously tested dry specimen. The compression 
strain shown by tha solid line indicates tha panel between VSS 96.25 and 
VSS 121.4 began to buckle at approximately 150 percent of limit load for 
both cha RT dry and 180°F vat conditions. This correlated reasonably well 
with the stress analysis which predicted a margin of safety of 'H}.19 for 
shear buckling, as shown in Table 3-2. Although the analysis in Table 3-2 
also shows a margin of safety of 40.19 for tha critical ply, this M.S. is 
based on a transverse tension allowable of 5000 micro Inches par inch and 
this failure can occur well in advance of complete panel failure. The 
predicted strain compared closely to the measured, tangential positive strain 
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Figure 3-10. Test Setup for Static Testing H20 Rear Spar Wet at 180°F 
(Covers of Environmental Chamber Removed to Show Spar) 
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ahovn In Figure 3>2. The predicted margin for this strain was 40.80 as 
compared to the actual failure of 40.81 ■ (272/150-1) for the vet specimen 
and 40.63 ■ (244/150-1) for the dry specimen. The close correlation with 
analysis indicated that the rear spar performed very close to the criteria 
of no buckling or transverse failures below design load, and the high, 
ultimate failure loads are not necessarily a valid indication of high margins 
of safety nor over strength design but reserve strength after partial 
failures . 

3.4 QUALITY ASSURANCE 


3.4.1 Laboratory Testa 

A spow In the web of H20 unit number one (wet test at elevated 
temperature) xndicated a 3/8-inch diameter void. After completion of the 
test and disassembly ox the test setup, this questionable area was cut out 
of the spar web and sent to the Engineering Test Laboratory for microscopic 
examination. Also, selected thick and thin areas cut out of the flanges of 
the spar caps were sent to the laboratory for checks of resin content. 
Quality is holding the paperwork open for H-20 units 1 and 2 until the lab 
completes its evaluation of these specimens. 
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SECTION 4 

PHASE III - PRODUCTION READINESS VERIFICATION TESTS 


The ACVF program does not Include flight service evaluation but alter- 
nately provides for sultlple large-scale aubcoaponents of the structure for 
evaluation of variability In static strength and for assessment of durability 
under extended-time laboratory teats Involving both load and environment 
simulation. The production readiness verification program (PRVT) Is supple- 
mental to the ancillary test program. These tests are designed to provide 
Information to answer the following ..iw' .I'tns: 


e What is the range of production <inalltles that can be expected for 
components manufactured under conditions similar to those expected 
In production, and how realistic and effective are proposed quality 
levels and qxiality control procedures? 

e What variability In static strength can be expected for production 
quality components, and are the margins sufficient to account for 
this variability? 

e Will production quality components survive extended time laboratory 
fatigue tests Involving both load and environment simulation of 
sufficient duration and severity to provide confidence of in-service 
durability? 

The questions are not primarily directed towards basic material properties. 
It Is believed that the combination of service experience on secondary struc- 
tures and coupon tests In the ancillary test program provide confidence in 
durability of the basic material. The questions are directed Instead to the 
realities of prodttctlon quality as Influenced by cost objectives and by 
scale-up and complexity effects which will cause structural quality to differ 
from that represented by Idealized small coupons. 
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Oa tech of two key structure! tlements of the AC7F, ten ttetic-strength 
teste end ttn durability tests will be conducted. One element will represent 
the front sper/fuselege attachment area, and the other element will represent 
the cover/ fuselage joint area. 

4,1 TEST SUPPORT 


4.1.1 Durability Test Facility 

The facility planning has been completed and procurement and Installation 
of the necessary hydraulics, electrical, water and drain hookups have been 
Initiated. 

The environmental chambers are In an advanced stage of construction at 
the vendors facility. Delivery of all four chambers Is scheduled during 
October. 

The spar and cover test frames are essentially complete. Final place- 
mcnt cannot be accomplished until the machinery package Is placec In the 
test area. The teat frames can then be positioned and the hydraulic, 
plumbing and electrical hookup accomplished. 

The computer control system development Is on schedule with all hardware 
complete. Figure 4.1 shows the computer console. The left bay from top to 
bottom contains the DAC monitor panel, computer controlled dximp, relay 
chassis, analog/dlgltal Interface chassis, HP21MX E Series mini computer, 
and the 24 volt/30 amp power supply. The right bay contains the NEFF model 
620 series 300 signal conditioner. The series 400 multiplexer /ADC and a 
second series 300 signal conditioner. To the left of the consoles Is the 
high-speed printing terminal and to the right Is the Intelligent video 
terminal. All major Interfaces within the consoles have been completed 
except for the signal conditioning. 
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Figure 4-1. Computer Consoles Showing Assembled Systems 
4.1.2 PRVT Test Plan 

The PRVT Test Plan has been completed and approved for Implementation. 

The plan describes the environmental spectra consisting of thermal 
cycling, humidity cycling, and load cycling. The basic thermal cycle Is 
shown In Figure 4-2 which also shows the humidity variation. The cycle Is 
presented for a 24-hour period. 

The upper bouad of temperature specified Is 140°F, which was selected on 
the following basis. The thermal cycle used In the test represents about 
20 percent of the total cycles expected In one lifetime. The ambient 
temperature was thus assumed to be that exceeded on the average 20 percent 
of the time, or an ambient of 80 to 85°F based on the temperature exceedance 
data contained In Figure 4-3. This ambient temperature range converts to a 
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«kln tttaptratura of about 140°F if a palntad fin ia asaumad, with tha darkar 
color of paint pradoainatlng, such as tha logos of TWA, British Airways or 
East am Airlines. 

Tha lower bound was salactad to be certain that tha moisture in tha 
laainatss will be fully frozen prior to beginning tha heating cycle. This 
will ensure tha narlaun volumetric expansion of the laminate working against 
tha metal fasteners. Further, in the fully frozen stats, no moisture trans- 
fer takes place. The thermal cycling in teat R12A was from 160°F to -65°F 
and there was no adverse effect on the specimens compared with the specimens 
fatigued without thermal cycling. The aerodynamic heating effect makes 
-85^F a rare occurence for fin structure. 

The relative humidities were chosen at 0 percent and 100 percent to 
represent flights between Miami and Las Veg^s and to exercise the moisture 
gradients between layers of the laminate to a maximum. During Che flight 
portions of the cycle chamber ambient humidity will depend on temperature. 

The four environmental chambers are divided into three groups for 
thermal cycling. Figure 4-4 shows how the cycles for the three groups are 
staggered so that one refrigeration system can be used for all three 
groups. 

The individual thermal cycle la shown in more detail in Figure 4-5. The 
average cooling and heating rates will be 2.5 degrees per minute. Loads 
cycles will be applied at three points in Che cycle. These represent Che 
climb phase with loads applied between 80^ and 40°F, Che cruise phase with 
loads applied between 0°F, -30°F and O^F, and Che final phase is the descent 
with loads applied between 40^F and 80^F. Climb and descent loads are applied 
before freezing and after thawing respectively. The more severe loading is 
applied in Che descent phase. The loading spectrum is presented in Table 4-1 
and represents 36,000 flights of loadinj. The spectrum is similar to chat 
used in ocher fatigue tests during Che ACV? program but has addicional low 
load cycles. 
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CYCLE 2 ONE SPAR CHAMBER START 1.25 HOURS 

CYCI£ 3 ONE SPAR QIAMBER START 2.50 HOURS 
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Figure 4-5. Sch«m*tlc of Typical Tharmal Cycle 
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In Addition to the given environmental epectrumi at convenient and 
diapersed timaa during the 3-1/2 yeara the temperature of the ground portion 
of the cycle ahould be ralaed to 160*^F 40 times and 180°F 10 times with a 
humidity at both temperatures of 20 percent. The latter conditions will 
simulate tha maxima axpected infrequently in service. 

The environmental apactra are Intended to accomplish two primary 
objectives. The first is to provide large changes in moisture distribution 
through the plies of the laminates and the second is to produce some 
acceleration of tha testing by simulating the equivalent of 36,000 flight 
cycles in the 5800 applied cycles. 

4.2 PRVT SPAR FABRICATION 

The first lot of four FRVT spars shown in Figure 4-6 were shipped to the 
Lockhecd-Callfomia Company. Spar numbers 5 and 6 of the second lot were 
completed and nxmber 7 is being cured. Spar numbers 5 through 8 are scheduled 
to be shipped by mid-October. Production rate of the PRVT spars is now one 
per week and a gradual reduction in weight has been shown from the first s{ ar 
at 17.4 pounds to a 17.0 pound weight for number 6. This reduction in weight 
is attributable to a gradual improvement in tolerances. 

4.3 QUALITY ASSURANCE 

Quality partlcipaced in coordinating FAA and AF acceptance of the PRVT 
specimen numbers 1 through 4 and of the associated metallic details that 
required FAA conformity inspection. 

Even though not a contract requirement, the full size front spar fiber- 
glass tool try and the graphite tool try parts have been followed very closely 
by Quality vsiurance. Additional activity has been in the in-process 
Inspection of material lay-up, trim and tool loading for PRVT specimen numbers 
5 through 7. Status of those spars is as follows: 

PRVT Unit 5 DR 232821 - Vacuum bag burst during cure. Minor NI<I, 

process control and visual and dimensional 
discrepancies. DR is in MRS for correcc^.'e 
action. 
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Figure 4-6. PRVT Spars 1 Through 4 
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PRVT Unit 6 DR 203833 


PRVT Unit 7 
PRVT Unit 8 


Minor NDI, process control, visual and 
dimensional discrepancies. Also a machining 
error caused damage to web section at access 
hole number 3. DR is in MRB for corrective 
action and disposition. 

Part has been post-cured. Will be ultra- 
sonically Inspected 26 September 1978. 

Part will be loaded into tool 25 September 1978 
and go to autoclave for cure 26 September 1978. 
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SECTION 5 

PHASE IV - MANUFACTURING DEVELOPMENT 


Tool manufacturing activity on the tooling required to produce full acale 
ACVF components Is underway at both the Lockheed California Company (covers 
and ribs) and at the Lockheed Georgia Company (spars). The full scale tooling 
Incorporates the tooling concepts proven during the Process Verification phase 
of the ACVF program. 

5.1 COMPONENT TOOL DEVELOPMENT 


5.1.1 Covers 

Beth full scale cover lay-up tools are in the completion phase in the 
tool shop. In addition to reflnishlng the tool surfaces and the addition of 
the "ramp" to mold the root end skin joggle, the following additional ACVF 
cover tooling elements are in work in tool design: 

e Tool vacuum system 

e Thermocouple attachments 

e Bladder venting system 

• Lay-up templates 

e HAT lay-up tools and prebleed carrier 

• HAT locating details 

• Access stands 

e Trim and NDI fixtures 

A schedule for each of these tooling components Is being negotiated to 
support tool try lay-up in December 1978, with full scale cover fabrication to 
follow early in 1979. 
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5.1.2 Ribs 

Although ths basic cooling concepts for each of Che rib types has been 
developed and proven In fabrication of development parts and components for 
test, there are still some alternate variations In cooling concepts which are 
being explored prior to Che release of the tool orders for the 11 full-scale 
ACVF ribs. As these concepts are finalized on each of Che basic rib types 
(truss, actuator, and solid web) within Che next few weeks, Che orders for 
all of Che ribs of each rib type will be released for tool design finalization 
and Cool fabrication. 

5.1.3 Spars 

The front spar cool was completed during the month of September. Figures 
5-1 through 5-8 show the procedures used to pour and cure Che rubber parts of 
the tool. Figure 5-1 shows the positioning of Island blocks used to mold Che 
rib attach angles and stiffeners on Che cool base place. Figure 5-2 shows the 
dummy web being fitted Inside Che tool cover on the flat Island blocks that 
form Che flat side of Che web. Figure 5-3 shows the waxed Island blocks. 
Waxing Is Che technique used to fill In Che gaps between Che room temperature 
rubber and the dummy parts. Dummy parts are made to Che nominal thickness of 
Che finished part. Prepreg laminates are thicker than cured laminates and Che 
rubber Is required to be set back from the laminate to allow for expansion of 
the rubber with Increase In temperature before applying pressure to the part. 
In Figure 5-4, rubber Is pumped Into the lowered upper end of the tool cover 
to form Che rubber blocks used to mold the forward cap flanges to spar web 
Intersection. Rubber Is mixed, decassed, and pumped into this cavity using 
an automatic rubber mixing machine. Figure 5-5 shows the rubber emerging at. 
Che raised end of Che tool which Is approximately 25 feet from the point where 
Che rubber Is pumped Into Che cool. The Island blocks shown In Figure 5-1 
have been turned upside down to fit into the tool cover shown In Figure 5-2. 
The base plate Is removed exposing Che cavities between Che Island blocks. 
Figure 5-6 shows the completed pouring of rubber around Island blocks. After 
partial cure, the Island blocks are removed as shown In Figure 5-7 and Che 
rubber is cured in an oven as shown in Figure 5-8. 
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Figure 5-2. Fitting Dummy Web on Island Blocks Inside 
Top Cover of Front Spar Tool 
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Figure 5-1. Positioning of Island Blocks on Shim and Base 
Plate of Front Spar Tool 
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Figure 5-3. Unwaxed and Waxed Island Block 



gL 37'?6-e 

Figure 5-4. Pumping Rubber into Lowered, Upper End of 
Tool Cover Using Rubber Mixing Machine 
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Figure 5-5. Pressurized Rubber Pumped into Lowered, Upper 
End of Tool Cover Showing Rubber as it First 
Emerges at High End of Tool 
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Figure 5-6. Gravity Leveled Rubber Around Island Blocks 
Completed and "C" Clamps Removed 
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Figure 5-7. Magnet Used to Remove Island Blocks 
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Figure 5-8. Rubber for Front Spar Tool Removed 
from Oven After Cure 
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Stekil parts are In the process of being machined for the rear spar tool. 
After completion of the steel parts, the rear spar tool will be assembled in 
a manner similar to the procedure used for the front spar tool. 

The kitted laminates have been assembled in the front spar tooling. The 
tool is expected to be closed, bagged, and autoclaved the last week in 
(calendar) .September. After completion of the autoclave and post-cure cycles, 
the spar will be turned over to inspection. After inspection, the spar will 
be cut into small specimens for structural testing. 
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